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572a Wednesday, March 9, 2011this decrease in action potential amplitude on alpha-cell exocytosis by capaci-
tance measurements of depolarization-evoked exocytosis. We found that exo-
cytosis is reduced by approx. 7% for every mV reduction of spike height.
Thus, the glucose-induced reduction of spike height is sufficient to account
for the 70-80% inhibition of glucagon secretion measured biochemically. We
also measured alpha-cell electrical activity elicited by current injection and
found that small depolarizations above the normal interspike voltage mimic
the effects of glucose on action potential height. In parallel measurements of
glucagon secretion, the inhibitory effect of glucose could be mimicked by tol-
butamide (a blocker of KATP-channels) and antagonized by diazoxide (an acti-
vator of KATP-channels). We conclude that glucose inhibition of glucagon
secretion involves closure of plasmalemmal KATP-channels. The resulting
membrane depolarization leads to voltage-dependent inactivation of the ion
channels involved in action potential firing and a lowered action potential am-
plitude. This culminates in reduced activation of the N-type Ca2þ-channels me-
diating the Ca2þ entry required to trigger exocytosis of the glucagon-containing
secretory vesicles. Thus, alpha-cells provide an example where reduced
Kþ-conductance is associated with lowered rather than increased (as seen in
most other cell types) membrane excitability.Channel Regulation & Modulation II
3099-Pos Board B204
Tmem16a Ca2D Activated Chloride Channels in Sensory Neurons can
Discriminate between Different Intracellular Ca2D Sources
Xin Jin, Hailin Zhang, Nikita Gamper.
Proteins of Tmem16 (anoctamin) family are the candidate subunits for Ca2þ-
activated Cl- channels (CaCC). Both Tmem16a expression and CaCC currents
were reported in small (predominantly nociceptive) sensory neurons from dor-
sal root ganglia (DRG). In contrast to CNS neurons, nociceptors accumulate
high intracellular Cl- concentration and thus activation of CaCC in these neu-
rons was shown to be excitatory and to contribute to the inflammatory nocicep-
tive responses. We show that CaCC in nociceptors is activated by the release of
Ca2þ from the IP3-sensitive intracellular stores in response to bradykinin (BK;
44/47 responsive neurons) or proteases (through PAR-2 receptors; 8/12 respon-
sive neurons). This current was attenuated by 48% by siRNA knock-down of
the Tmem16a (n=7). Interestingly, while in the majority of small DRG neurons
CACC was induced by Ca2þ release from the stores, only in 12/58 neurons
CaCC was activated by the Ca2þ influx through the voltage-gated Ca2þ chan-
nels triggered by the voltage pulse. Chelating intracellular Ca2þ with the slow
Ca2þ buffer EGTA did not affect CaCC activation by PAR2-AP (5/7 respon-
sive neurons) while the fast buffer BAPTA abolished such activation (1/9
responsive neurons) suggesting a close proximity of the Ca2þ release sites
and CaCC. Acute treatment of DRG neurons with lipid raft disrupting agent
methyl-beta-cyclodextrin (MBCD) partially restored coupling of CaCC
to VGCC but disrupted coupling with the intracellular stores. Thus, after
the MBCD treatment activation of VGCC by voltage pulse induced
106.5551.4 pA CaCC currents in 17/25 neurons while BK and PAR2-AP
failed to induce measurable CaCC in 4 and 8 tested neurons respectively
(PAR2-AP induced 100520 pA CaCC in 9/13 MBCD-untreated neurons).
Or data suggest that Tmem16a/CaCC channels in small DRG neurons are func-
tionally coupled to the IP3-sensitive Ca2þ stores.
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Cardiac Background Potassium Channels Change ion Selectivity and
Conduct Inward Leak Sodium Currents in Hypokalemia
Liqun Ma, Xuexing Zhang, Haijun Chen.
Hypokalemia refers to lower-than-normal blood potassium (Kþ) levels, which
often result in cardiac arrhythmias. In lowered extracellular Kþ concentrations
([Kþ]o) under hypokalemia, the resting membrane potential of human cardio-
myocytes can paradoxically depolarize inconsistent with the Nernst equation.
Such a well-known paradoxical depolarization is the key to understanding the-
pathological mechanism of hypokalemia-induced cardiac arrhythmias. An in-
ward leak sodium (Naþ) current was implied to cause cardiac paradoxical
depolarization, but its molecular mechanism is not yet understood. Background
Kþ channels primarily maintain normal cardiac resting membrane potentials at
around 80 mV, close to the Kþ equilibrium potential. A fundamental charac-
teristic of Kþ channels, the ion selectivity, is generally considered to be static
and independent of physiological regulation. None of over 80 mammalian Kþ
channels shows dynamic ion selectivity in response to physiological or patho-
logical stimuli, but several voltage-gated Kþ channels conduct Naþ currentsin the absence of intracellular Kþ, implying that the selectivity filter of Kþ
channels can be dynamic. Here we show that 1) a cardiac background Kþ chan-
nel exhibits dynamic ion selectivity, becomes permeable to Naþ, and conducts
inward leak Naþ currents in hypokalemia or lowered [Kþ]o; 2) a specific resi-
due within the selectivity filter determines dynamic ion selectivity of the Kþ
channels; 3) in lowered [Kþ]o, over-expression of the K
þ channels results in
acquired paradoxical depolarization in mouse HL-1 cardiomyocytes and in-
hibits hyperpolarization in rat primary hippocampal neurons, and knock-
down of the Kþ channels eliminates paradoxical depolarization in human pri-
mary cardiomyocytes. These findings demonstrate that ion selectivity of the Kþ
channels is regulated by a pathological stimulus, elucidate a molecular basis of
inward leak Naþ currents that may contribute to hypokalemia-induced cardiac
paradoxical depolarization, and indicate a novel mechanism that regulates po-
tentially cardiac excitability.Cardiac Electrophysiology II
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Pharmacological IKs Activation Slows Cardiac Conduction and Exacer-
bates the Effect of INa Blockade
Rengasayee Veeraraghavan, Anders Peter Larsen, Steven Poelzing.
Background: The Kv7.1 channel underlies the IKs current and plays a key role
in cardiac repolarization. Loss of IKs function can lead to the type 1 long QT
syndrome (LQT1). The Kv7.1 activator R-L3 has been suggested as a potential
antiarrhythmic therapy in LQT1. Having previously demonstrated that other
Kþ currents can modulate cardiac conduction, we tested here the effects of
pharmacological IKs activation on cardiac conduction and its dependence on
the sodium current (INa).
Methods and Results: Conduction velocity (CV) was quantified by optical map-
ping during LV or RV pacing. Under control conditions transverse CV (CVT)
was significantly greater (1551 %, p<0.05) in RV than LV with no difference
in longitudinal CV (CVL) between ventricles. During partial blockade of INa
(flecainide, 1 mM), RV CVT decreased by 3655 % while LV CVT decreased
by 2455 %. These data demonstrate greater RV conduction dependence on so-
dium channel availability. Partial IKs blockade by R-L3 (10 mM) significantly
decreased both CVT (by 1554 % in RV & 852 % in LV) and CVL (by
1152% in RV & 651 % in LV) relative to control. Further, R-L3 exacerbated
the effects of INa blockade: 1 mM flecainide now decreased CVT by 4553%
and 2854% in RV and LV respectively.
Conclusion: Pharmacological IKs activation by R-L3 slows cardiac conduction
and shifts the conduction velocity - INa relationship downward. These findings
may have significant implications for the use of Kv7.1 activator as antiarrhyth-
mic drugs.
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Evidence for Functional SK Channels in Isolated Atrial Myocytes
Jane M. Hancock, Andrew F. James, Jules C. Hancox, Neil V. Marrion.
Atrial fibrillation (AF) is the most common sustained arrhythmia and contrib-
utes to cardiac morbidity and mortality. Extension of the atrial effective refrac-
tory period through the block of cardiac potassium channels is a therapeutic
strategy for the prevention of re-entrant arrhythmias and AF. However,
many conventional potassium channel blockers carry an increased risk of
potentially lethal ventricular arrhythmias such as torsades de pointes. Atrial
selective compounds may offer attractive therapeutic alternatives. Small-
conductance calcium-activated potassium (SK) channels have recently been
suggested as a promising atrial selective target for the treatment of AF.
Although there is growing evidence for SK channel expression in the mamma-
lian heart, there is little consensus concerning SK function and it is possible
that species differences may contribute to the controversy. We have investi-
gated the expression and function of SK channels in atrial myocytes from
mouse and rabbit. Immunocytochemistry using confocal microscopy showed
the presence of SK2 protein in mouse atrial myocytes, with clear localization
of staining along the z-lines. Whole-cell voltage clamp recordings from mouse
and rabbit atrial myocytes, using a pipette solution with limited Ca2þ buffering
capacity, revealed the presence of apamin-sensitive currents positive to
30 mV. In mouse cells, the apamin-sensitive difference currents slowly
decayed during the sustained depolarization. In contrast, a rapidly decaying
apamin-sensitive current that inactivated within 50 ms was observed in
a proportion of rabbit atrial myocytes . These data suggest that both mouse
and rabbit atrial myocytes exhibit functional SK channels, with the presence
of SK2 protein confirmed in mouse cells. The apparent kinetic differences
Wednesday, March 9, 2011 573aof apamin-sensitive current between species may underlie different physiolog-
ical roles.
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Plasticity in KCNQ1 Subcellular Distribution and Partnership with
Different KCNE Subunits Contribute to Variations in IKs Channel Func-
tion in the Heart
Dimitar P. Zankov, Min Jiang, Mei Zhang, Yuhong Wang, Gea-Ny Tseng.
Background: KCNQ1 can associate with KCNE1 - KCNE5 subunits, singly or
in combination, and assume different channel phenotypes in current amplitude
and gating kinetics. In the heart, KCNQ1 is known to partner with KCNE1 to
form the slow delayed rectifier (IKs) channel, a major contributor to cardiac
electrical heterogeneity and stabilizer of heart rhythm. It is unclear whether
KCNQ1 can partner with other KCNE subunits expressed in the heart, and
how these potential partnerships impact on IKs channel function. Methods:
We study the above issues by patch clamping, immunoblotting, and immuno-
fluorescence/confocal microscopy. Results: (1) IKs current density is higher in
guinea pig (GP) atrial (A) than ventricular (V) myocytes. There are 2 contrib-
uting factors: KCNQ1 protein level is higher in A than in V, and KCNQ1 is co-
localized with KCNE1 in the peripheral cell surface to a higher degree in A than
in V. (2) IKs current density in V myocytes is much lower in spontaneously hy-
pertensive rat (SHR) than in GP, despite abundant expression of KCNQ1 and
KCNE1 in SHR. This coincides with a higher degree of KCNQ1 colocalization
with KCNE2 in SHR than in GP Vmyocytes, and the current-suppressing effect
of KCNE2 on IKs. (3) IKs is upregulated during aging in SHR V myocytes. This
correlates with a modest increase in KCNQ1 protein expression and, impor-
tantly, a prominent redistribution of KCNQ1 and a higher degree of colocaliza-
tion with KCNE1 on the peripheral cell surface. Conclusion: We propose that
the KCNQ1 channel exhibits plastic subcellular distribution patterns and
dynamic partnerships with KCNE1 and KCNE2 in the heart. These factors con-
tribute to IKs channel remodeling in response to variations in work load or
changes in the heart rate.
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Sialytransferase ST3Gal4 Deficient Mice Demonstrate Left Ventricular
Action Potential Extension and Attenuated IK
Andrew R. Ednie, Eric S. Bennett.
Extracellular protein glycosylation is a ubiquitous cellular process that is vital
to normal physiology. Aberrant glycosylation of both genetic and acquired
etiologies are observed in severe disease states including congenital disorders
of glycosylation and Chagas disease, which afflict millions. Cardiomyopathies
including altered electrical signaling are a hallmark of these glycosylation
disorders; although, little of the underlying mechanisms are understood. Car-
diac conduction and contraction is dependent on various types of voltage-
sensitive ion channels that are extensively modified by protein glycosylation.
Our lab and others have demonstrated an isoform-specific role of glycosyla-
tion in channel gating. Protein glycosylation is a sequential process that
involves hundreds of genes that are regulated throughout development and
our lab showed that regulated glycosylation alters cardiac electrical signaling.
One such glycogene, ST3 beta-galactoside alpha-2,3-sialyltransferase 4
(ST3Gal4), adds negatively charged sialic acids to many membrane proteins
including voltage gated ion channels that likely contribute to the extracellular
surface charge. Myocytes isolated from the left ventricular apex of ST3Gal4
deficient mice (n=5) demonstrated a 30 % (p<0.05) increase in the APD90
compared to gender and age matched controls (n=8). The current densities
of both the peak and the slowly inactivating sustained (IKslow) repolarizing
voltage-sensitive potassium currents were attenuated (n<0.05) at all depola-
rizing potentials in the ST3Gal4 mice (n=6) compared to controls (n=13).
This reduction in potassium current should act to extend the action potential,
as observed. The fact that the absence of a single gene involved in protein
glycosylation can lead to such deleterious effects on cardiac electrical signal-
ing may provide insight into other diseases of glycosylation that affect mil-
lions world-wide.
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A KCNE1 C-Terminus Long QT Mutation Disrupts a Crucial Interaction
with the Kv7.1 Coiled-Coil Helix C and Reduces IKS Channel Expression
Meidan Dvir1, Dana Shaham2, Yoni Haitin1, Enbal Ben-Tal Cohen1,
Joel Hirsch2, Bernard Attali1.
1Department of Physiology, Sackler Faculty of Medicine and 2Department of
Biochemistry, Faculty of Life Sciences, Tel Aviv University, 69978 Israel.Kv7.1 a-subunit assembles with the KCNE1 auxiliary subunit to form the car-
diac IKS K
þ channel. Mutations in these subunit genes produce the long QT
syndrome, a life-threatening ventricular arrhythmia. We recently explored
the direct interactions between the C-termini of Kv7.1 and KCNE1 using pu-
rified recombinant proteins in a series of in-vitro pull-down experiments. We
found that the KCNE1 C-terminus physically interacts with the coiled-coil he-
lix-C of the tetramerization domain. Here we show that the missense LQT5
mutation (P127T) located in the KCNE1 distal C-terminus and previously
found to produce a dominant Romano-Ward LQT syndrome, disrupted the
physical interaction of KCNE1 with the Kv7.1 coiled-coil helix C. When
co-expressed in CHO cells with WT Kv7.1, the KCNE1 LQT mutant
P127T dramatically reduced IKS current density, without altering channel
gating properties. Our results show that deletion of the proximal KCNE1
C-terminus (KCNE1D69-77) significantly enhanced the binding of KCNE1
to Kv7.1 C-terminus. In contrast, deletions of the more distal regions of
KCNE1 C-terminus (KCNE1D78-129 and KCNE1D109-129) totally pre-
vented its binding to the Kv7.1 C-terminal region. Our data suggest that the
most distal region of the KCNE1 C-terminus (aa.109-129) is crucial for the
KCNE1 interaction with the Kv7.1 coiled-coil helix-C and that the missense
LQT5 mutation P127T located within this domain affects IKS channel expres-
sion by disrupting this coiled-coil interaction and possibly disturbing channel
trafficking.
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Evolution of KChIP2 Gene Function is Localized Within the Core
Promoter and 5’ UTR
Qinghong Yan, Rajeev Masson, Maria Magdalena Pritz, Barbara Rosati,
David McKinnon.
The primary means by which different electrophysiological phenotypes are
produced in different species is through the evolution of the cis-regulatory
function of ion channel genes. The specific changes underlying this evolution-
ary process have proven elusive. We have begun to understand this process
through analysis of the KChIP2 gene.
The KChIP2 gene encodes an auxiliary subunit obligatory for the expression of
the transient outward current (Ito) in heart. KChIP2 mRNA expression levels
are strongly correlated with the level of Ito expression in ventricular myocytes.
Ito and KChIP2 mRNA expression is high in small rodents, such as mouse and
rat, intermediate in larger mammals, such as human and canine, and largely ab-
sent in a few species, including guinea pig.
Gene function was studied using three species: mouse, human and guinea
pig, representative of high, low and close to zero KChIP2 mRNA expres-
sion levels in heart, respectively. The KChIP2 promoter is a CpG island
promoter and the transcription start site (TSS) maps to the same homolo-
gous region in all three species. The function of equivalent regions of the
KChIP2 proximal promoter from mouse, guinea pig and human genomic
sequences were compared using an in vitro transcription assay in cultured
myocytes. There was a remarkably good correspondence between the tran-
scriptional activity of this region of DNA and the relative level of mRNA
expression in vivo. A series of deletion and swapping experiments demon-
strated that the large differences in promoter activity were primarily due to
sequence differences located within the core promoter and 5’ UTR of the
gene.
Surprisingly, evolution of core promoter function, rather than cardiac specific
enhancer elements, primarily accounts for the large differences in KChIP2 ex-
pression in the ventricle of different mammalian species.
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Temperature Dependence of Herg Blocker Pharmacology - an Automated
Patch Clamp Study
Cristian Ionescu-Zanetti, Qin Chen.
The hERG ion channel (Kv11.1) is at the center of preclinical cardiac safety
assessment. Historically, patch clamp measurements that are used to assess
hERG block of candidate compounds have been done at room temperature.
While recording at physiological temperatures is challenging in terms of estab-
lishing and maintaining a high sealing resistance, recordings at elevated tem-
perature are feasible using recently introduced automated patch clamp
systems are capable of controlling temperature.
In this study we compare hERG current voltage relations and kinetics at differ-
ent temperatures, and report observed changes in the pharmacology of known
blockers using a next generation automated patch clamp platform.
